Purpose: To estimate the prevalence and risk factors for dry eye disease (DED) in a sample population of Polish older adults. Material and methods: Cross-sectional and observational study of 1107 men and women of European Caucasian origin aged 35 -97 years, who were interviewed and underwent detailed ophthalmic examinations. DED was defined as presence of a previous clinical diagnosis of dry eye with concomitant dry eye treatment. Results: The overall prevalence of DED in the researched population was 6.7% (95% CI 5.2 -8.2). The prevalence of DED increased with age from 4.8% in age group 35 -59 years to 8.3% in group aged ≥60 years. The prevalence of DED was also higher in women 8.1% than in men 4.7%. In multiple logistic regression modelling with age, gender, presence of cataract surgery and glaucoma or ocular hypertension (OHT) treatment, DED was significantly associated with older age (OR 1.99, 95% CI 1.21 -3.30) and with female gender (OR 1.76, 95% CI 1.05 -2.96). Conclusions: The prevalence of DED in our study population was comparable with the findings of other studies from Europe and the United States, with significantly higher rates among women and elderly subjects.
Introduction
"Dry eye disease (DED) is a multifactorial disease of the tears and the ocular surface that results in symptoms of discomfort, visual disturbance, and tears film instability with potential damage to the ocular surface. It is ac-companied by increased osmolarity of the tear film and the inflammation of the ocular surface [1]". Dry eye is a serious health problem, with limited treatment options. DED has also a substantial economic burden on the society estimated to be 55.4 billion dollars in the United States [2] [3] . On the basis of available reports, the prevalence of DED among older adults varies from 5% to 34% [4] [5] . Although it is a common ocular problem, the number of studies concerning the prevalence of DED in Eastern European nations (post-soviet countries) is still very few. The aim of this study was the assessment of the prevalence and risk factors for dry eye disease in a sample population of Polish older adults.
Materials and Methods
The study design was an observational and cross-sectional. The methodology of the recruitment and subjects sampling for the current study has been described earlier. In brief: "sample size for the study was calculated with 99% confidence, within an error bound of 5%. The sample size requirement was 661, as calculated by
where Z = 2.57 for 99% confidence interval and d = 0.05 for 5% error bound. After allowing for an arbitrary 50% increase in sample size to accommodate possible inefficiencies associated with the sample design, the sample size requirement increased to 991 subjects [6] [7]". We defined an older adult as a person aged ≥35 years because in our previous reports conducted on young males in the military population we considered young adult as person aged 18 -34 years [8] [9] . "We used simple systematic sampling to select our study population. In total 14,110 outpatients were examined in the Department of Ophthalmology and Visual Rehabilitation of the Medical University of Lodz in year 2012 and we included into the study every tenth subject aged 35 years and older [7] ". Basing on age, our study participants were divided into two groups; group I aged 35 -59 years, and group II aged 60 years and older. All selected subjects were interviewed and underwent detailed ophthalmic examinations. Dry eye disease (DED) was defined as presence of a previous clinical diagnosis of DED with concomitant dry eye treatment (artificial tear drops or gel) like in other studies [2] [5]. This was assessed by two questions: 1) have you ever been diagnosed (by an ophthalmologist) as having dry eye disease? and 2) do you currently use any artificial tear drops or gel? Only if answer was "Yes" to both questions DED was diagnosed. For this report we used the data concerning the prevalence of cataract surgery, glaucoma and ocular hypertension (OHT) in the researched population from our recent paper [7] . All statistical analyses were performed using STATISTICA v. 10.1 PL (StatSoft Polska, Krakow, Poland) software. Prevalence rates of dry eye disease (DED) in whole population and according to the subjects' age and gender were calculated. Multiple logistic regression statistics were used to investigate the association of DED with age, gender as well as with the presence of cataract surgery and glaucoma or OHT treatment. Odds ratios (ORs) were computed, the differences were significant at p < 0.05. All confidence intervals (CIs) were 95% CI. The study was approved by the institutional review board of the Medical University of Lodz and was conducted in accordance with the provisions of Declaration of Helsinki for research involving human subjects.
Results
The demographic characteristics of all participants in the study and statistical analyses are presented in Table 1 . A total of 1107 subjects aged ≥35 years were successfully enumerated and included into the study. All of them were of European Caucasian origin. According to 2011 national census, they were a fair representation of the population of the city of Lodz in terms of sex distribution (statistical analysis-chi square test: χ 2 = 3.64, p > 0.05) and socioeconomic status [10] . The city of Lodz is the second largest city in Poland and consists of seven hundred forty thousand inhabitants (2011 national census), mostly of middle socioeconomic level [10] . The mean age of our study participants was 60.4 ± 7.1 years (range, 35 to 97 years). There were 642 women (58.0%) and 465 men (42.0%) and they were divided into two age groups: 520 (47.0%) subjects were aged 35 -59 years, and 587 (53.0%) subjects were aged ≥60 years. The overall prevalence of dry eye disease in the researched population (diagnosed by clinician with concomitant dry eye treatment) was 6.7% (95% confidence interval [CI] 5.2 -8.2). The prevalence of DED increased with age from 4.8% (95% CI 3.0 -6.6) in age group 35 -59 years to 8.3% (95% CI 6.1 -10.6) in group aged ≥60 years (Figure 1) . The prevalence of dry eye was also higher in women 8.1% (95% CI 6.0 -10.2) than in men 4.7% (95% CI 2.8 -6.7) (Figure 2) . Statistical analysis revealed that the differences between prevalence rates of dry eye disease (DED) among genders and particular age groups were statistically significant (χ 2 test p = 0.031 and p = 0.019 respectively). As reported earlier 8.04% (95% CI 6.44 -9.64) of all participants in the study had cataract surgery in either eye. Various types of glaucoma were diagnosed in 5.51% (95% CI 4.17 -6.85) of subjects and 2.62% (95% CI 1.68 -3.56) had ocular hypertension (OHT). Multivariate logistic regression model was constructed to analyze the risk factors for dry eye in this population. In multiple logistic regression modelling with age, gender, presence of cataract surgery and glaucoma or ocular hypertension (OHT) treatment, dry eye disease (DED) was significantly associated with older age (OR 1.99, 95% CI 1.21 -3.30) and with female gender (OR 1.76, 95% CI 1.05 -2.96). However no association was found between DED and the presence of cataract surgery and glaucoma or OHT treatment.
Discussion
The current study provides for the first time reliable data concerning the prevalence and risk factors for dry eye disease (DED) in a large unselected population of Polish citizens aged 35 years and older. Overall the prevalence of DED in the examined population was rather low (6.7%) and was higher in women (8.1%) than in men (4.7%). The prevalence of DED was also significantly higher in the age group ≥60 years. Direct comparison of our results to the results of other studies on DED is limited due to differences in study design and population sampling. The major limitation is the fact that the presence of DED was determined by subject self-reported history of dry eye. We did not perform any diagnostic tests i.e. Schirmer test, tear break-up time measurement (TBUT), rose bengal staining or fluoresceine staining to confirm the clinical diagnosis of DED. However our prevalence rate of dry eye was closer to the results obtained in a British female cohort study, in which they used the same definition of DED and found that 9.6% of women had a DED diagnosis with concomitant dry eye treatment [2] . In addition our results were similar to those reported in large epidemiological studies from the United States (Women's Health Study and Physician's Health Study), which indicated that the prevalence of symptomatic dry eye disease is about 7% in women and 4% of men over the age of 50 years [4] [11] [12] . Although previous studies identified several risk factors for the development of DED like aging, gender, hormonal changes, contact lens wear, certain medications and surgical procedures [4] , in the present study multiple regression analysis showed that DED was only associated with older age and with female gender.
Conclusion
In conclusion, the prevalence of DED in our study population was comparable with the findings of other studies from Europe and the United States, with significantly higher rates among women and elderly subjects. Further studies are needed to confirm some of the previously identified risk factors.
